Many procedures suggest for reduction of responses of riser to Vortex Induced Vibrations (VIV). Natural frequencies of marine risers is an important parameter that can affect the responses of riser to VIV. Change of riser properties such as top tension and bending stiffness can alter natural frequencies. In this study effects of riser specifications on the responses and fatigue damage of marine risers were investigated analytically and numerically. For numerically analysis 2D wake-structure coupled model is used for modeling of VIV of riser in two directions of Cross Flow (CF) and In Line (IL). The wake dynamics, including IL and CF vibrations, is represented using a pair of non-linear Van der Pol equations that solved using modified Euler method. The Palmgren-Miner Rule is used for evaluation of fatigue damage. Riser of Amir-Kabir semisubmersible placed in Caspian sea is used for case study. Because VIV is self-limiting, it is showed that lower modes have lower curvature, that in some cases this is lead to lesser stress and also fatigue damage. The results show that for tension dominant modes of vibration, natural frequencies was increased with top tension and for a certain Strouhal frequency, dominant modes of vibration was reduced which leads to reduction of stress and fatigue damage. The results show that stress and fatigue damage increased with module of elasticity of riser and reduction of this leads to reducing of stress and fatigue damage. Therefore suitable procedure for reduction of VIV responses of riser should be selected based on the current velocity.
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Introduction
The Vortex Induced Vibration (VIV) of risers subjected to currents has been a serious concern for ocean researchers and engineers and if effects of this condition not properly mitigated it imposes high additional costs and risks on projects. When fluids flow around slender marine structures, change in the downstream pressure, caused vibration that is named Vortex Induced Vibration. When vortex shedding frequency coincide with one of the structures natural frequencies, the lock-in situation take place and riser vibrate with this natural frequency. Reduction of VIV amplitude is a method that reduces stresses and fatigue damage which can be achieved using different ways such as increasing structural damping, avoiding resonance and manipulate the wake. [5] ), shrouds (Zdravkovich [6] ), splitter plate (Hwang et al. [7] ), rear-wake stabilizer (Eisenlohr and Eckelmann [8] ), and small rods (Zhao et al. [9] ; Zhao et al. [10] ). Geometric modifications of cylinder wall are the main methods for these passive controls, which inevitably increase the mass ratio and sometimes increase the drag coefficient (e.g., helical strake). Therefore, few of them are applied on a large scale in practice. Recently some studies was performed on the effects of riser structural properties on the VIV responses. The applied top tension and also bending stiffness may significantly affect the order of CF and IL dominant harmonics, collision avoidance (among adjacent risers) and vibration suppression and can be considered as an efficient method for the control of riser statics and dynamics. Sanaati and Kato [11] present the experimental results of a study on the effects of pre-tension and axial stiffness on VIV of a horizontally mounted flexible cylinder. They showed that high pre-tension, which reduces vibration amplitude, can significantly raise the lift coefficient. They also observed that the lock-in bandwidth of amplitude response narrowed with increase in pretension, whereas, it broadened with axial stiffness. In addition, high applied pre-tensions delay the excitation of higher modal frequencies compared to lower pre-tensions within the same range of flow velocities. Chen et al. [12] examined effects of axially varying structural parameters, i.e. the effective tension and bending stiffness, on the dynamic characteristics and VIV of slender riser. They show that axially varying structural parameters can efficiently change the modal wave length as well as the modal displacement. The vibration amplitude of riser VIV response is influenced by the complex effect of factors involving the axial tension, bending stiffness and modal wave length. Generally speaking, for lower modes the response amplitude is larger at the axial position where the tension is smaller, whereas for higher modes the response amplitude is larger at the axial position where the bending stiffness is lower. A recent study by Lee and Gerretsen [13] showed the importance of the effect of axial stiffness on tension change and VIV motion amplitude. Lee and Allen [14] concluded that top tension and structural stiffness can have a significant impact on vibration frequencies and lock-in bandwidth. They concluded that bending-dominated cylinders have a slight increase in vibration frequency after an abrupt rise to their first lock-in frequency because the motion of the structure takes control of the shedding process. Moreover, for a tension-dominated cylinder, they concluded that there is a significant rise to the vibration frequency in each lock-in. Srinil [15] performed numerical simulations to analyze and predict the VIV of variable-tension on vertical flexible risers in linearly sheared currents. In his simulations, he emphasized the effects of tension and sheared flow on the amplitude response and multimodal VIV. Shifting the frequencies of riser can be used to reduction of responses of riser to VIV. The present paper studied the effects of riser properties such as top tension and module of elasticity on the VIV responses of deepwater marine risers. Relation of stress and fatigue damage with these parameters is obtained analytically which can be used to better understanding of effect of shifting frequency on the VIV response of riser and selection of suitable procedure for reduction of stress and fatigue damage.
Formulation
Relation of stress and fatigue damage with riser structural properties (top tension and bending stiffness) obtained as follow. For a linear S-N curve in log-log scale, the expected fatigue damage per unit time can be expressed as:
where a and m are the scale parameter and the slope parameter of S-N curve, respectively, is stress, i n is number of stress cycles at stress range, and
the Probability Density Function (PDF) for the stress cycles. The expected fatigue damage is hence directly related to the m th order moment, m E    of the stress cycle PDF. At lock-in condition response frequency will be close to vortex shedding frequency and the fatigue damage can be related directly to current velocity [16] . The damage proportionality relationship is obtained as follow: 
Uniaxial stresses caused by moment of each direction are obtained as:
Finally, with respect to above equations, relation of stress with top tension and bending stiffness computed as follow:
Uniaxial Tensioned Str 1 ing: Stress Untensioned Beam :
It can be seen that increasing of top tension lead to reduction of stress due to VIV. It is obvious that reduction of module of elasticity decrease the stress amplitude, especially in higher modes of vibration. Using equations 2, 3, and 5 relation of fatigue damage with top tension and module of elasticity obtained as follow: and so for tension dominant modes and for bending dominant modes. So for mitigation of stress and fatigue damage of VIV it is suitable that module of elasticity is reduced for higher modes (higher current velocity) and top tension increased for lower modes (lower current velocity).
Case study
Numerically investigation of effect of changing riser properties on the VIV responses was done using existing top tension riser of Amir-Kabir semisubmersible placed in Caspian Sea as a case study. Uniform current with various velocities was used and some results are mentioned. Based on the present position of semisubmersible, length of the riser is 713m. Other specifications of this riser are shown in the Table-1. The dynamic response of a riser is described using the external force from the wake. The wake itself is described by a forced Van 
Validation of model
Chaplin et al. [19] carried out the laboratory VIV measurements of tensioned risers in a stepped current.
Properties of the riser model are listed in Table 1 . Lower 6m length of model was in a uniform current, while the upper part was in still water. The layout of the experiments is shown in Fig. 8 . Four cases with various top tension and current velocity are chosen for VIV predictions and comparisons, as shown in Table  2 .
The envelopes of CF VIV amplitude are given in Fig. 3 . The present model predicts the same main dominated mode and the amplitudes are the same as experimental results. The response is mainly dominated by single mode and with increasing current velocity, the higher mode is excited. The envelopes of IL VIV amplitude are given in Fig. 4 . The results of model in this direction also is the same as experiments. 
Results
In this paper five cases according to Table. 2 is considered for investigation of effect of riser properties on the dynamic behavior to VIV. It can be seen that increasing of top tension is more effective for increasing of frequency of lower modes and increasing of bending stiffness is more effective for increasing of frequency of higher modes. It can be seen that altering top tension does not affect frequency of higher mode. This figure provides that for a certain current velocity, increasing of stiffness reduce the number of dominant modes. If the number of dominant mode reduce, the stress and fatigue damage reduce also. Strouhal frequency (CF direction) and twice of it (IL direction) shows in this table. In this table, frequencies that are closed to Strouhal frequency is highlighted with the same color. It can be seen that for U=0.2 m/s (tension dominant modes) in CF direction, the mode number of vibration and also frequency of vibration reduces for case with higher top tension (2TT,E) and mode number induce for lower top tension (0.5TT,E). For U=0.2 in IL direction all cases have the same frequencies at various mode numbers but mode number variation is the same as CF direction. Table 3 shows that for current velocity equals to 1.8 m/s (bending dominant mode) the mode number is reduced for cases with higher module of elasticity (TT,2E) and is induced for lower module (TT,0.5E). the same trend can be seen in IL direction in this velocity. According to table generally it is obvious that for lower velocities top tension is effective to reduce mode number of vibration and for higher velocities the bending stiffness is effective. Fig. 8 and Fig. 9 provide fatigue damage of riser nodes for current velocity of 0.6 m/s, for moment caused by vibration in CF and IL direction, respectively. It is evident from this figures that fatigue damage decreased with increasing of TT or reducing of E. The same trend can be seen for IL direction. Fig. 10 and Fig. 11 show the ratio of stress due to moment of CF and IL direction for four cases (2TT, 2E, 0.5TT, 0.5E) to main structure versus current velocity, respectively. It can be seen that decreasing of E and increasing of TT cause decreasing of stress at two directions of CF and IL. According to these figures when current velocity increased, effect of TT is reduced and stress ratio of both cases of TT ratio=2 and 0.5 approach to one. Effect of variation of E approximately is constant for current velocities bigger than 0.4 m/s. Fig. 12 and Fig. 13 provide the ratio of fatigue damage due to CF and IL moment for four cases to main structure versus current velocity, respectively. It can be seen that increasing of TT is effective in lower velocities and for higher velocities variation of TT is not affect fatigue damage predominantly and fatigue damage ratio is very close to one for cases (TT ratio equals to 2 and 0.5). These figures shows that in low velocities, fatigue damage is very sensitive to variation of riser properties and variations of fatigue ratio is very high for various cases. 
Conclusion
The effects of shifting frequency on the VIV responses of marine risers were studied in this paper. Relation of stress and fatigue damage variation with riser properties such as top tension and module of elasticity is obtained. For numerical study a coupled 2D wake-structure interaction model was used for modeling of VIV that considered both direction of CF and IL. E , for tension and bending dominant modes, respectively.  For tension-dominant modes, increasing of top tension can reduce stress and fatigue damage. This effect decreased with increasing of mode number. So this method can be used for VIV reduction for lower current velocities.
 Decreasing of module of elasticity can be used to reduce stress and fatigue damage in a wide range of current velocities.  Increasing of bending stiffness, amplified stress and fatigue damage of riser. This is because the term of EI is used for moment computing. This effect is higher for lower modes of vibration.
 Stiffness and frequencies increased with module of elasticity, but because the E is used in stress relation, finally the stress and fatigue, amplified with increasing of E. 
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